Mutations in the TP53 gene have been found in a variety of human malignancies, and are considered to represent the most common genetic alterations in human cancer (Levine et al., 1991) . Inherited mutations in the heterozygous state have been described in noncancerous cells from members of LiFraumeni syndrome families (Malkin et al., 1990; Srivastava et al., 1990) , and have recently been identified in breast cancer patients outside such families as well (B0rresen et al., 1992; Malkin et al., 1992; Prosser et al., 1992; Sideransky et al., 1992) .
The TP53 tumour suppressor gene is located at chromosome 17pl 3.1 and encodes a 53 kDa cell cycle regulatory nuclear phosphoprotein (Levine et al., 1991; Lane, 1992) . Most of the TP53 mutations reported in human cancers are located within the evolutionary conserved regions of the gene (codons 110-307 of totally 393) (Hollstein et al., 1991; deFromentel & Soussi, 1992) . The mutations usually are missense, giving rise to altered proteins (Levine et al., 1991 ). An altered conformation enables most of the mutant proteins to inactivate wild-type protein by forming inactive oligomeric complexes (Nigro et al., 1989) . Most of the mutant p53 proteins have considerable longer half-life than wild-type protein, resulting in accumulation of the mutant protein in the transfected or neoplastic cells (Hinds et al., 1990; Iggo et al., 1990) .
The negative r:egulatory effects of TP53 upon cell proliferation has been demonstrated to be inactivated by mutations and by the presence of DNA virus proteins (Lane, 1992; . Furthermore, increased levels of MDM2 protein and sequestering of p53 protein in the cytoplasm have been suggested to be associated with inactivation of TP53 tumour suppressor function (Moll et al., 1992; Momand et al., 1992; Oliner et al., 1992; .
Several findings indicate that inactivation of TP53 is associated with a growth advantage in breast carcinoma: Accumulation of p53 protein has been reported to be associated with high grade tumours, increased levels of epidermal growth factor receptor (EGFR), presence of the proliferation associated antigen Ki67, advanced stage, metastatic spread, and low concentrations of oestrogen and progesterone receptors (Cattoretti et al., 1988; Thompson et al., 1990; Davidoff et al., 1991a; Varley et al., 1991; Mazars et al., 1992) . Recent reports conclude that positive p53 immunostaining in primary tumour represents a prognostic parameter, suggesting that p53 protein accumulation might become clinically useful as an indicator of breast cancer aggressiveness (Iwaya et al., 1991; Ostrowsky et al., 1991; Varley et al., 1991; Isola et al., 1992; Mazars et al., 1992; Thor et al., 1992) .
The aims of the present study were (a) to determine the nature and frequency of both TP53 mutations and p53 protein accumulation in breast carcinomas, (b) DNA analyses DNA was isolated from tumour tissue by phenol/chlorophorm extraction followed by ethanol precipitation (Kunkel et al., 1977) . Amplification of exons 5-8 of the TP53 gene was performed by the polymerase chain reaction (PCR) using primers and conditions as previously described (B0rresen et al., 1991; Smith-S0rensen et al., in press (1 fig IgG2U mI'), PAb 1801 diluted 1:300 (0.33 gtg IgG, ml-), PAb 240 diluted 1:100 (1 jg IgG, ml-'), and NCL-CM1 diluted 1:300). The reactions were then incubated with biotin labelled secondary antibody and avidin-biotinperoxidase complex. The peroxidase reaction was developed using diamino-benzidine as a chromogen. All series included positive controls. Negative controls included substitution of polyclonal primary antiserum with rabbit serum diluted 1:300, whereas negative controls for the monoclonal antibodies were performed using mouse myeloma protein of the same subclass and concentration as the monoclonal antibody. All controls gave satisfactory results. Only cells with nuclear staining were scored as p53 protein immunopositive. The amount of immuno-positive cells was semiquantitatively estimated.
Oestrogen and progesterone receptor determinations Oestrogen and progesterone receptors were determined using monoclonal antibodies in an enzyme immunoassay for quantitative measurement (Abbott ER and PgR-EIA monoclonal). Samples with a receptor concentration exceeding 9 pmol g-' protein were considered to be receptor positive.
Statistical analyses
Comparisons between groups were performed using Chi square tests with Yates' correction. Disease free and overall survival were calculated using the life-table method, and differences between survival curves were tested using the log rank test. To simultaneously analyse the importance of several prognostic factors, the Cox proportional hazard model (Cox, 1972 ) with a stepwise procedure, was used. The following variables were included in the analyses: TP53 mutation, nuclear p53 protein accumulation, TP53 alterations (mutation and/or nuclear protein accumulation), node status (node negative vs node positive), T-status (T = 1 vs T> 1), ERBB2 gene amplification, oestrogen and progesterone receptor status. ERBB2 gene amplification was not included in the multivariate analyses since 42 of the primary tumours were lacking ERBB2 data. P-values < 0.05 were considered statistically significant. All statistical analyses were performed using the BMDP statistical software package (Dixon et al., 1990) . Tables I and II) . Table II shows that 29 point mutations and six deletions were found by sequencing. Five point mutations were found in codon 248, three in codon 273, and two in codons 128, 281, and 282. The majority of the point mutations appeared at G:C base pairs (22 of 29, 76%). G:C-+A:T transitions accounted for 17, G:C-*T:A transversions for 4, and G:C-*C:G transversions for 1 mutation (59, 14, and 4% of the point mutations, respectively). Four of the point mutations at T:A base pairs were T:A-*G:C transversions and three were T:A-*C:G transitions. (Table IV) . TP53 mutation was a somewhat weaker, but significant predictor of both overall and disease-free survival, towards reduced overall and and so was nuclear p53 protein accumulation. Node status TP53 alterations ( Figure 3a represented the most powerful prognostic factor in these analyses. The node positive patients (n = 59) showed a trend towards reduced overall survival and had borderline Multivariate survival analyses significantly reduced disease-free survival if their primary The multivariate analyses s tumours harboured TP53 alterations, whereas the node alterations as significant vari negative patients (n = 100) showed non-significant trends vival, whereas node status, disease-free survival if they had and b).
;elected node status and TP53 (Table Va and b) . When substituting TP53 mutation or nuclear p53 protein accumulation for TP53 alterations in the models, these factors were weaker, but still statistically significant independent prognostic parameters for predicting disease-free survival (P = 0.023 and P = 0.036, respectively). In the overall survival analysis TP53 mutations were of borderline significance (P = 0.051), whereas p53 protein accumulation not turned out to be of independent prognostic relevance (P = 0.200).
Discussion
The present work demonstrates TP53 (Soussi et al., 1990) . Six of the mutations detected by CDGE and DGGE were not confirmed by the sequence analysis. The fact that four of these tumours had nuclear accumulation of p53 protein makes it reasonable to believe that the discrepancy is caused by a lower sensitivity of the sequence analysis than that of the CDGE. It should be noted that the mutant bands were faint in three of the six samples, making the identification of the mutations relyant on the presence of heteroduplexes. The heteroduplexes that easily are recognised in melting gels enable detection of mutations when present in 5% or more of the cell population .
In the present work 76% of the point mutations (22/29) were found at G:C base pairs even though the overall G:C content in the TP53 gene not is higher than 56% . This excess is in accordance with what has been reported by others (Hollstein et al., 1991; Coles et al., 1992; de Fromentel & Soussi, 1992) . The nucleoside guanosine has been reported to be a preferential target for most chemical carcinogens (Kriek et al., 1984) . CpG nucleotides are preferentially thought to be involved in spontaneous mutations (de Fromentel & Soussi, 1992) . In the present work codons 175, 181, 248, 273, and 282 (CGN) that encode arginine accounted for 12 of the 22 mutations in G:C base pairs (55%).
The majority of the point mutations were G:C-*A:T transitions (59%). This frequency is somewhat above the 40% reported in breast carcinomas by Hollstein et al. (1991) , who further reported the frequency in colon carcinomas and brain tumours to be 79 and 75%, respectively. G:C-*T:A transversions account for 14% of the point mutations in our breast carcinomas. It should be noted that such transversions never have been found in colon carcinomas, but that they occur at a high frequency in non small cell lung cancer (57%), liver cancer (74%), and oesophageal cancer (24%), which are associated with specific mutagenic factors (Hollstein et al., 1991) . The G:C-*T:A transversions observed in sporadic breast carcinomas might indicate that external or internal produced carcinogens take part in the development of these tumours.
The identification of nuclear accumulation of p53 protein in 22% of the primary breast carcinomas in the present study is significantly less than the 57% reported by Thompson et al. (1990) at the mRNA level, the 54% reported by Bartek et al., (1990a) using PAb 1801, 240, and 421, and the 45% reported by Cattoretti et al. (1988) (Crawford et al., 1984; Davidoff et al., 1991b; Thor et al., 1992 (Bartek et al., 1990a ).
In accordance with Cattoretti et al. (1988) , but in contrast to Davidoff et al. (199la, b) (Yewdell et al., 1986) .
The strong association between presence of TP53 mutations and presence of nuclear p53 protein accumulation (P<0.00001) is in agreement with previous reports (Bartek et al., 1990b; Davidoff et al., 1991b) , and fits the observation that mutant p53 protein has a half-life exceeding that of wild-type protein (Nigro et al., 1989) . It furthermore indicates that nuclear p53 protein accumulation in most cases is due to mutations within the gene.
Mutations were not detected in 7 of the 39 tumours that were p53 protein immunopositive. These tumours might contain mutations outside the screened regions of the gene, or they might contain insufficient amounts of mutant cells. Furthermore, some of the tumours might have alternative mechanisms of TP53 inactivation, such as MDM2 gene amplification (Momand et al., 1992; Oliner et al., 1992) or alterations in TP53 regulatory sequences. Recently, two affected individuals in a cancer prone family were reported to have high levels of p53 protein constitutively expressed in their normal epithelial, endothelial, and stromal cells (Barnes et al., 1992) . TP53 was not mutated in these patients, suggesting that mutation in another gene was causing both the high level of p53 protein and the increased risk of neoplasia in this family.
The fact that 7 of 39 samples with mutations were immunostaining negative can be explained by presence of senseand stop codon mutations (shown for tumours no. 78 and 434, Tables I and II) , by frameshift mutations that give lead to an abnormal aminoacid sequence or to stop codons down the line, and by the possibility that not all amino acid substitutions lead to stabile complex formation resulting in increased half-life. Furthermore, insufficient quality of the frozen tissue subjected to analysis might lead to false negative results.
The present work demonstrates that TP53 alterations are associated with several clinical and histopathological parameters previously demonstrated to be of prognostic relevance (Table III) . The observation that TP53 alterations were detected more frequently in oestrogen and progesterone receptor negative tumours confirms previous findings (Thompson et al., 1990; Iwaya et al., 1991; Ostrowsky et al., 1991; Varley et al., 1991; Isola et al., 1992; Thor et al., 1992) , and might reflect lack of differentiation of the breast carcinoma cells.
Recently, wild-type p53 has been postulated to be important in holding up the cell to repair DNA damage (Levine et al., 1991; Kuerbitz et al., 1992; Lane, 1992; . Tumour cells in which TP53 is inactivated do not switch off replication in order to allow extra time for repair. This might explain the observation that primary tumours with TP53 alterations frequently also contain ERBB2 gene amplification (Table III) (Horak et al., 1991; Mazars et al., 1992) .
Our data demonstrate that TP53 alterations in primary breast carcinomas may represent an independent prognostic parameter for predicting disease-free and overall survival, but any conclusions based on the multivariate survival analyses should be drawn with caution. The prognostic relevance was most pronounced when the data on mutations and protein accumulation were combined. This probably reflects that neither mutational analysis nor immunohistochemistry alone identifies all TP53 tumour suppressor inactivated tumours.
Node status is the most important established prognostic factor permitting identification of breast cancer patients at risk of relapse. Nevertheless, 20-30% of the node negative patients do relapse (McGuire, 1989) . Use of tumour markers to predict unfavourable prognosis independent of node status could permit the identification of a subset of node negative breast carcinoma patients that would benefit from adjuvant treatment. During the last decade several molecular and cellular markers have been proposed as possible prognostic indicators (McGuire et al., 1992) . In the present material the node negative patients with TP53 alterations showed trends towards shortened, although not statistically significant reduced survival (Figure 3a and b) . Further studies will be required to fully evaluate a possible relevance of TP53 alterations in node negative breast carcinoma. 
